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@ An organic electrolyte oeiL 

® An organic electrolyte cell comprises a negative electrode (2). a positive electrode (5) including a main 
active material composed of bismuth trioxide. the bismuth triodde being heat treated, and an organic electrolyte 
comprising a salt dissolved in an organic solvent 
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AN ORQANIC ELECTROLYTE CELL 



^ This invention relates to organic electrolyte cells. * 

In ofganic lectrotyte cells having lithium as the negative electrode acth/e material, various ceils 
differing In operating voltage can fabricated, but from the practical viewpdnt these cells are roughly 
divided Into a type having an operating voltage of about 3V and a type having an operating voltage of about 

5 1.5V. As positive electrode active material for the 1^ type, there are known cupric oxide, iron sulphide, 
iron disulphide, lead oxide and bismuth trioxide. A cell floated using bismuth trioxide has a high 
operating voltage of 1.5 to 1.8V and Is especially advantageous for use where a large electric current dl* 
scharge is necessary. The operating voltage of an organic eiectroiyte cell comprising lithium as the negative 
electrode active material and bismuth trioxide as the positive electrode acth^ material is about 1SV and 

fo since this type of ceH is substant'ally equivalent In operating voltage to a conventional ordinary commercial 
cell using an aqueous alkali electrolyte, such as an alkali-manganese cell or a silver oxide cell, th organic 
eiectroiyte cell has an Interexchangeabiiity with such a conventional cell. Furtiiemnore, since creop 
phenomenon observed in an aikail eiectroiyte is not caused In an organic electrolyte, leakage of the 
electrolyte is reduced, so that ttie self«dlscharge is small and ttie energy density is high'. Because of tiiese 

7s advantages, development of a cell having an excellent long-period rellabimy and a high energy density is 
expected. 

In ttie case where a cell of tills type, for example, a button ceU, Is prepared, ttie positive electrode Is 
formed In the following manner. Bismutii trioxide as the active material, an electrically conductive material, 
for example, a carbon powder such as graphite or carbon black or a metal powder and a resin binder such 

20 as a fluororesin or polystyrene are mixed at a predetermined ratio, and a predetermined amount of this 
positive electrode mbdure is packed In a mould of a moukling machine and compresstonHfnoukied to obtain 
a pellet shaped positive electrode moulded body. The so-obtained positive electrode mouUtod body Is 
heated and dried under reduced pressure at a temperature (up to about 300*0) not causing ttiermal 
decomposition of the resin binder or oxidation of the conductive material and, after the positive electrode 

2S has thus been dehydrated suffldentiy, tiie positive electrode Is assembled into a cell. Organic electrolyte 
cells comprising bismuth trtodde as the positive electrode active material are disclosed, for example In 
Japanese Laid-open Patent Specification No.* 12425^977 and Japanese Patent Specification No. 
48673^984 whkdi conesponds to U.S. Patent Specffication No. 4^085,259. 

As ttie organic electrolyte of a cell of this type, ttiere have been used solutions of ionisable salts such 

so as LICIO4. , UBP4 , LiPPg and USO3 CF3 as ttie supporting electrolyte In aprotic organic soivente 
such as propylene cartxsnate (hereinafter referred to as "PC"). -butyrolactone, tetrahydrofuran. 
dimettioxyettiane (hereinafter referred to as "DME"), db)xolane and mixtures tiiereof. 

In general, the electrolyte of the cell should have various characteristics and in view of the ceil 
performance the folkming properties are most Important 

S8 (1) ttie jon conductivity is hlgii and ttie electrode reaction speed Is high; 

(2) the bdDng point is high, ttie soUdificatton point Is km, and ttie range of the operating temperatures 
Isbroad: 

C3) ttie eiectroiyte is stable against ttie positive electrode and negative electrode materials and ttie 
Dke. and the sohitiiltles of the positive electrode and the negative electrode materials are low; and 
40 (4) the deoompoaitfon vottage is high. 

An organic eiectroiyte formed by dissolving UCIO4 In a mbced solvent of PC having a high tx)illng 
point a low aoldficalkin point a hi^ dlelectrtc constant and a high solubility of the supporting electrolyte 
and DME having a tow viiscosity is excellent In respect of the fbregoing propertfes and the re fore this organic 
electrolyte has frsQuentiy been used. 
46 ' As the electrically conductive material for the positive electrode of a cell of ttiis type, ttiere are known 
carbon powdere such as graphite and acetylene black (carbon blade whk:h is called "cell black", prepared 
by thermal decomposition of acetylene) and metal powders. 

When discharge is canied out In a cell fabricated according to the atx>vementloned conventional 
process by using bismuth trioxide as tiie positive electrode material two discharge voltages are obsenred 
50 and a tower operating vottage is obtained at a discharge deptti larger tiian 40%. Accordingly, when ttils cell 
Is used for an Insttiiment for which a large electtic current dlsdiaige Is necessary, a voltage necessary for 
normally operating the Insttument cannot be obtained because of ttie towered cell vottage even ttiough a 
sufficient cell capacity is left 

Especially in the case of such an Instrument as an electronic watch or an electronic de^c4op computer, 
an average consumption cunrent is as small as several u A and ttie life required for a cell Is as tong as 
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several months to 1 0 years or longer. Also, a pulsating large cunent cfischarg is necessary for operating a 
lamp, a buzzer, a step motor or the Ilka A cell to be used for this purpose is required to have a long-period 
rellatrfllty and a large cunrertdscharge capacity. Therefore^ at)ov6mentioned prot)lem is very serious. 

In order to solv such disadvantages, the present invention seeks to provide an organic electrolyte ceil 
. a in which the capacity possessed |jy the ceil can be effecth/ely utilised tojhe end even in the case where 
th cell is continuously used over a long period with a large cunent pulsating discharge. 

Moreover, th present invention seeks to provide an organic electrolyte cell with an improved bismuth 
trioxide positive electrode so that the operating voltage of a cell of this type, especially the operating 
voltage at a discharge depth larger than 40%. is increased and the effective discharge capacity is 
70 improved. 

The present invention also seeks to provide an organic electrolyte cell in which the capacity possessed 
by the cell can be effectively utilised to ttie end. 

The present Invention furttier seeks to provide an organic electrolyte cell where expansion of volume on 
discharge is reduced, whereby the rellabllity and stability of the cell in an instrument provided therewitti m 
15 enhanced and simultaneously ttie discharge capacity per unK voiume is increased. 

The present invention also seeks to provide an organic electrolyte cell witti improved conductive 
material for the positive electrode so ttiat tiie closed circuit voltage and the discharge capacity can be 
simultaneously increased wittiout sacrifice to tiie discharge capacity of ttie cell overall. 

According to one aspect of tiie present invention ttiere is provided an organic electrolyte cell 
20 characterised by comprising: a negative electrode; a positive electrode including a main active material 
composed of bismuth trioxide (Bi2 O3 ), said bismuth trioxide being heat treated; and an organic 
electrolyte comprising a salt dissolved in an organic solvent 

Preferably tiie bismutii trioxide is heat-treated at a temperature above 650"C. 

The bismutii trioxide may be heated at a temperature in the range of 700*C to 1000*C In air. an inert 
25 gas or vacuum. 

Preferably the bismutii trioxide is heated at a temperature higher tiian Its melting point and subjected to 
a quenching treatment 

The organic sohwrt may comprise a mixed solvent composed mainly of butylene cart)onate and 1^- 
dimettraxyetiiane. The organic solvent may furtiier comprise ettiylene carbonate. 

30 According to a furtiier aspect of tiie present invention ttiere is provided an organic electrolyte cell 
characterised by comprising a negative electrode comprising lithium as a negative active material; a 
positive etectrode comprising bismutii trioxide (Bia O3 ) as a positive active material, an electrically 
conductive material and a binden and an organic electrolyte comprising a mixed solvent containing iittiium 
perchlorate. said mixed solvent being composed of butylene carbonate. 1.2-dlmettioxyettiane and etiiylen 

S9 carbonate. 

The invention is illustrated, merely by way of example, in ttie accompanying drawings, in which:- 
Rgure 1 is a diagram illustrating tiie relation between temperature for heat treatment of bismutii 
trioxide and discharge capacity; 

Rgure 2 is a sectional view illustrating an embodiment of an organic electrolyte cell accorcBng to tiie 
40 present Invention; 

Rgure 3 Is a diagram comparing cells prepared by u^ng bismutii trioxide heat-treated at various 
tamperalures wHh respect to discharge characteristics; 

Rgure 4 is a dagram comparing discharge characteristics of cells under a constant resistance of 7.5 

Kohm; 

46 Rgune 5 is a dagram comparing change of discharge characteristics under storage at 80*C; 

Rgiae 6 is a diagram comparing cells witii respect to change of pulsating discharge characteristics 
under storage at 80*C; and 

Rgure 7 is a diagram comparing ttie discharge characteristics of cells under a constant resistance of 
7.5 Kohm. 

50 The applicante have researched witii a view to solving tiie abovementioned problems and. as a result It 
has been found tiiat If bismutii trioxide heat-treated at a temperature higher tiian 6S0*C is used as tiie 
positive electixxle active material, ttie opmttng voltage of an organic electrolyte cell, espedatty tiie 
operating voltage at a discharge deptti larger tiian about 40%, Is Increased and tiie effective discharge 
capacity is highly improved. More spedfically. in preparing tiie positive electrod . bismutii trioxide is heated 

ss at a temperature higher tiian 650*C and tire heat treated bismutii trioxide Is ttien mixed wHh conductive 
material and a binder and is moulded Into a predetemnined shape. Any atmosphere not reducing bismutii 
trioxide can be used as the heat ti^eatinent atmosphere, and tii heat treatment may be carried out in open 
ahr. in an inert gas or in a vacuum. 



3 



0270 264 



When powd^ bismuth trioxide is heat*trsat8d at a temperatura higher than 650''C. an aggregated 
body is fanned by sofldlfication during coo«ng because of sintering, melting or tHe Oke. Accordingly, In 
order to mbc bismuth trioxide homogeneously with th conductive material or binder, it Is prefened that the 
heat-teatBd bismuth trioxide is sufRdently pulverised Into fine partfcles having a size smaller 100 um 
5 ^|)elbre the mbdng. ^ 

When bismuth trioxide Is heat-treated at a temperature dos to or higher than its m ttlng point that is, 
820*C, molten bismuth trioxide Is fonmed and a firni aggregate body is produced on cboHng. Therefore, in 
this case, it is especially Important that heat-treated bismuth trioxide should be sufficiently pulverised into 
fine particles. 

70 In the case where discharge is carried out In a cell fabricated by using bismuth trioxide heat-treated at a 
temperature higher than QSO^'C, the operating voltage, especially the operating voltage at greater than 40% 
discharge depth, is increased and therefore the effective discharge capacity to a certain cut-off voltage is 
highly Improved. 

The reason why the operating voltage is improved according to the present Invention has not been 
75 completely elucidated. However, it is presumed that the reason is probably as follows. If bismuth trioxide is 
heat-treated at a temperature higher than e50*C. atoms constituting respective particles of bismuth trioxide 
move violently and subtle changes are caused in crystal surfaces and inner stnictures.of the respecthre 
particles, and the electrochemical activity is enhanced. In contrast if the heat treatment temperature is 
lower than 650"* C. this movement of atoms Is small and therefore the operating voltage is not Improved. 
20 The present invention will now be described In detail with reference to the following examples. 



EXAMPLE 1 

28 A product obtained by heat*treatlng powdery bismuth trioxide having a purity of 99.99% at 300 to 
lOOO^'C fbr 5 houre. cooling the heat-treated product and pulverising It to a particle size small r than 100 
um was used as positive electrode active material, and an untreated powdery bismuth trioxide was used as 
comparative positive electrode active material. The heat-treated and untreated bismutii trioxicte were each 
mixed with a caritionaceous conductive material (graphite or cartxm black) and a binder composed of a 

so fluororesin at a mixing weight ratio of 94.5^.5. The mixture was compression-moulded into a pellet 
together wfth a positive electrode holding ring of stainless steel having an L-shaped section, and tiie 
moulded pellet was heated and dried at 100*C for 10 houre under reduced pressure to form a positive 
electrode having a diameter of 9.0 mm. a tiiickness of 1.1 mm and a tiieoretical capacity of 90 mAh. 

Rgure 2 is a sectional view of one embodiment of an organic electrolyte cell according to th present 

05 invention. A negative electrode container 1 acts also as a negative electrode temninal. The negative 
electirode conttf ner 1 Is obtained by draw4brmlng a nickel/stainless steel dad sheet having a thickness of 
0.22 mm. A negative electrode 2 Is fbrmed by pundting a lithium sheet having a ttitekness of 1.3 mm into a 
disk having a diameter of 6.4 mm and then press-bonding the disk to tiie inner surface of ttie negative 
electrode container 1. A positive electrode container 6 acts also an a positive electrode terminal, and Is 

40 obtained by draw4ormlng a nidoi/stalnless steel clad sheet having a thickness of 0.22 mm. A positive 
electrode 5 Is packed Into the positive electrode container 6 and a separator 4, composed of a mk:roporQus 
polypropylene sheet is placed on ttie positive electrode. An Impregnating member 3 hokis an electrolyte 
between the poaWve electnode md ttie negative electrode, and Is formed of a non-woven tabric compos e d 
mainly of polypropylene. A gasket 7 composedmalnly of polypropylene Is Interposed between tiie negative 

45 electrode container 1 and ttie positive electrode container 6 to keep electric insulation between ttie positive 
electrode and the negative electrode. The cell is sealed lo prevent leakage by Inwardly bending tiie opening 
edge of the positive electrode container and caulking ttie same. A solution of 1 mole/1 of llttiium perchlorate 
in a 1/1 mixed solvent of propylene carbonate and 1J2-dlmett)oxyettiane Is used as the electrolyte. The size 
of tiie cell is such tiiat the outer diameter Is 9^ mm and ttie total ttilckness is 3.0 mm. 

50 Rgure 3 shows ttie discharge characteristics of ttie cell shown In Rgure 2 at 24^0 under a constant 
resistance of 3 Kohm, In which curve a shows the result obtained when the bismuth trioxide was not heated, 
curve b shows ttie result obtained when ttie heat treatment temperature was SOO^'C, curve c shows the 
result obtained when ttie heat treatment temperature was 6S0*C, curve d shows ttie result ot^ained when 
the heat treatment temperature was 800*C and curve e shows the result obtained wfien the heat treatment 

56 temperature was 1000'C. From these results. It can be"seen that if ttie temperature of ttie heat treatm nt of 
ttie bismutti trioxide is higher ttian 650^C, ttie discharge voltage, especially ttie discharge voltage in ttie 
latter half flat voltage portton of a larger than about 40% discharge deptti. is incrsased and ttie dlschaige 
timetottiecut<rff voltage of 1.2V is protonged. Thus, it win be appredaM dscharge characterie* 
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tics and the effective discharge capacity are prominently Improved. 

Rgure 1 iilustratea the relation between the temperature for the hert 
the diacharge capacity. It Is seen from Rgure 1. that if the temperature for the heat treatment of bismuth 
tri03dde is higher than the discharg capacity is abniptly Increased at heat treatment temperatures of 

0 «bout aoO'C, increase of the discharg^capacity Is saturated at heat treatment temperatures higher than 
850*C and if the heat treatment temperature is further elevated, the discharge capacity is hardly increased 
but 18 substantially constant It is construed that the reason is that since the melting point of bismuth 
trioxide is 820*C and bismuth trioxide is In the stable molten state at temperatures higher than 820«C. even 
if bismuth trioxide is heated to temperatures higher than 820*C, the state after cooling Is substantially the 

10 same. As seen from Rgure 1. it will be appreciated that if bismuth trioxide is heat-treated at a temperature 
higher than 650*C. the discharge capacity is greatly increased over the discharge capacity attained when 
the heat treatment is canled out at a lower temperature or when the heat treatment Is not carried out If the 
heat treatment temperature Is higher than 700*C. this effect is conspicuous, but if the heat treatment 
temperature Is higher than 850*»C. there is very little further increase of capacity. In view of this fact the 

IS cost of a heat treatment apparatus such as an electric furnace, the running cost of the heat treatment 
apparatua and the handling difficulty of bismuth trioxide. K is piBfenred that the heat treatment be carried out 
atTOOtolOOO'C. 



20 EXAMPLE 2 

An organic electrolyte cell was prepared in the same manner as described in Example 1, except that 
the heat treatment of bismuth trioxide was carried out in nitrogen gas. The cell was discharged under a 
constant resistance of 3 Kbhm at 24*C in the same manner as described In Example 1. The obtained 
25 results were substantially the same as those obtained in Example 1. 



EXAMPLES 

30 An organic electrolyte cell was prepared in the same manner as described In Example 1 except that the 
heat treatment of bismuth trioxide was canied out under reduced pressure oflO •^tolO Ton'. 

The cell was discharged under a constant resistance of 3 Kohm at 24«C in the same manner as 
described In Example 1. The obtained results were substantially the same as those obtained in Example 1. 
Organic electrolytes formed by dissolving lonisable salts such as LiCI04 . UBFf . UPFe and 
35 UCF3 SO3 as the supporting salt in aprotic organic solvents such as V -butyrolactone, propylene 
cartxjnate. butylene carbonate, 1.2-dlmethoxyethane, tetrahydrofuran, dloxolm. dImethyHbrmamide and 
mixtures thereof can be used as the organic electrolyte. 

Preferably the blamutti trioxide is obtained by melting and hea^treatlng bismuth trioxide at a tempera- 
ture higher ttian the melting point (about 820«C) and rapidly cooling the melt to solidify ft According to 
40 such treatment not only the discharge characteristic but also ttie storage characteristic can be highly 
improved. 

An atmosphere not reducing bismutti trioxide to metallic bismuth or BIO can be used for melting 
bismtilii: and rapidly cooling the melt Namely, ttie melting and rapid cooling treatments can be 

carried oi^b) open air, in an inert gas w under vacuum. 

^ ^1?°^^ ^ ^ adopted for melting and rapidly cooling tiie bismutti trioxide because deterioration 
by oxfdBHon or reduction of bismutti trioxide or reaction wtth ottier substances Is not caused and 
soHdfflcation is completed In a short time. For example, there may be adopted a process in which bismutti 
trioxide heated and melted in an electric furnace or ttie lilce is cast in a vessel of an ariti-conroshre metal 
such as stainless steel (for example. SUS304 by Japanese Industrial Standard (JI8)) or platinum or a 

50 ceramic material such as alumina, maintained at a temperature lower ttian ttie melting point of bismutti 
trioxide, prefer^ly a temperature lower ttian normal (room) temperature. 

Furttiermore. in ttie case where Usmutti trioxide subjectsd to ttie melting and rapid cooHng treatments 
is used as ttie positive electrode, in order to mbc bismutti trioxide uniformly wtth a carboniceous conductive 
agent and/br a binder as required, it is prefenred ttiat ttie cooled and solidified mass of bismutti trioxide be 

56 pulverised into fine particles having a size smaller ttian about 100 um. 

In ttie organic lectrolyte cell having bismutti trioxid subjected to ttie melting and rapid cooUng 
treatm nts as ttie positive electrode active material, ttie discharge characteristic and storage characteristic 
are highly improved over time of a ceil having bismutti trtodde not heal-treated. 
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Th reason why the discharg charactaristic is improved by the heat treatmert of the W 
and the storag characteristic Is improved by the rapid cooRng treatment after meltfng has not been 
completeiy elucfdated, but It Is presumed that the reason Is probably as described below. Namely, bismuth 
trioxide Irfeludes various crystal fonns, such as the » -fonn of the rhombic system, th IS -fomi of the 
tetragonal system obtained by transition at 700 to 710«C and 2f -fbw of the cubic system. Ordinarily, 
the If -form is readily formed if bismuth trioxide is melted and solidified by gradual cooling, and the IT • 
fonn is readily fomned by rapid cooling. A great difference of the crystal state is brought about by th 
difference of the cooling method and it Is estimated that also the surface condition of partfdes is greatly 
changed according to the cooling method- It is presumed that this difference will probably result in a 
difference of the stability of the cell with the lapse of time when bismuth trioxide is used as the positive 
electrode active material for an organic eiectrotyte ceil. 



EXAMPLE 4 

A button type cell was constructed using the same components as shown in Figure 2. The negath^e 
electrode container acts also as a negative electrode terminal, which is obtained by drawing a 
nickel/stainless steel/niclcel three-layer clad sheet The negative electrode is formed by punching a lithium 
sheet having a thickness of 1.4 mm into a disk having a diameter of 6.2 mm. the disk being press-bonded 
to the inner surface of the negative electrode container. The positive electrode container is formed of nickel- 
plated stainless steel, which also acts as a positive electrode terminal. The positive electrode, as described 
below, is packed in this positive electrode container, and a separator composed of a microporous 
polypropylene film is placed thereon. The gasket is composed mainly of polypropylene, which is interposed 
between the negative electrode container and the positive electrode container to keep electric insulation 
between tiie positive electrode and negative electrode, and by bending Inwardly tiie opening edge of the 
positive electrode container and caulking It tiie contents in the cell are sealed. 

In tiie present example, a solution obtained by dissolving litiiium perchtorate at a concentration of 1 
mole/1 in a 45/5/50 mixed solvent of butylene carbonate, ettiylene carbonate and 1.2-dlmethoxyettian . 77ie 
size of tiie cell was such ttiat tiie outer diameter was 9.5 mm and tiie total tiilckness 3,0 mm. 

Three positive electrodes were prepared according to the following procedures. Commercially available 
bismutti trioxide powder having a purity of 99% was melted and heat-treated at 900"C for 5 hours In an 
electric furnace, and tiie molten bismutti trioxide was cast in a vessel of stainless steel (SUS304) placed on 
a heat-discharging iron plate maintained at normal temperature (about 20**C) to rapidly cool tti melt and 
solidify it into a flat sheet having a thickness of about 1 mm. The time required tor completely solidifying 
tiie mett of bismutti trioxide was several seconds at ttie most The solid cooled almost to nomial (room) 
temperature was pulverised to a particle size smaller ttian 100 m. A positive electrode active material (a) 
composed of bismutti trioxide powder subjected to the abovementioned melting and rapid cooling treat- 
ments was obtained. Commercially available bismutti trioxide powder was similariy melted and heat-treated 
at 900*C for 5 hours In an electiric fumace. and the switch of ttie electric fumace was turned off and ttie 
melt was naturally cooled for almost a day and a night in ttie electric fumace. The cooled solid was 
pulverised to a size smaller ttian 100 m and obtained was a positive electrode active material (b). The so- 
obtained positive electrode active m^erial (a) or (b) composed of bismutti trioxide powder or a positive 
electrode active material (c) composed of untreated commercially available bismutti trioxide powder as a 
comparison, was mixed with a carbonaceous conductive agent (graphito or carbon black) and a binder 
composed of polytetrafiuoroettiyiene at a weight ratio of 94.5/5/D^. and ttie mixture was compression- 
mouMed Into a pellet togettier wtth a positive electrode-holding ring having an L-shaped section and the 
pellet was heated and dried at 100'C under suffidentiy reduced pressure to obtain a positive electrode. 
Each positive electrode had a diameter of 9.0 mm and the weight of ttie electi'ode mbdure was 0.2B g. 

By using ttie so-obtained ttiree posWve electrodes, ttiree cells whteh were tiie same except fOr ttie 
positive electrode were prepared. 

Discharge characteristics of tiiese three cells under a constant resistance of 7.5 Kohm at 20*C are 
shown In Rgure 4. The relation betweeri tiie discharge capacity and ttie storage period, observed when 
tiiese cells were stored for a predetenmined period at 80*C. ttie discharge being similariy carried out under 
a constant resistance of 7.5 Kohm at 20*C, is shown in Rgure 5. The cut-off voltage level was 12V. The 
lowest voltage obtained when ttie cells were stored In an atinosphere maintained at 80*C for a predeter- 
mined period as in Rgure 5 and pulsating discharge of 7.8 mS was carried out at -10**C and 2 Kohm is 
shown In Rgure 6. 

As seen from Rgure 4. when ttie cells (a) and (b) having bismutti trioxide subjected to ttie melting heat 
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treatment as the positive electrode active material are compared wHh the cell (c) having untreated bismuth 
trlodde as the positive electrode «:tive matBrtal. in the fbniier cells the discharge voltage In the latter half 
flat voltage portion of more than about 40% discharge depth Is higher and the time of the discharge to the 
cutoff voltage of 12V is longer, and the fdm^er cells are highly improved in discharge characteristics and 
$ effectNe discharge capacity, it is also found that therb is no ^bstantial diftorence in the discharge 
characteristics between the ceil (a) having bismuth trioxide subjected to the rapid cooling treatment after the * 
m Wng heat treatment and the cell (b) having bismuth trioxide gradually cooled after the melting heat 
treatment. 

From Rgures 5 and 6. It is seen that the cell (a) having bismuth trioxide subjected to the melting heat 
10 treatment and rapid cooling treatment is highly improved over the conventional cell (c) having untreated 
bismuth trioxide in Its discharge capacity and pulsating discharge voltage after long-period storage at a high 
temperature (80'C). but the cell (b) having bismuth trioxide gradually cooled after the melting heat 
treatment is not improved but rather degraded in these characteristics. Namely, It is seen that the storage 
characteristic is greatly influenced by the cooling method after the heat treatment, and the rapid cooling is 
IS very effective. 



EXAMPLES 

20 In this Example, a product obtained by melting and heat-treating bismuth trioxide at 1100'C In an argon 
atmosphere, rapidly cooling the melt in the argon atmosphere, puh/erising the solid to a size smaller than 
100 m and classifying the particles was used as a positive electrode active material. A solution obtained by 
dissolving lithium perchlorate at a concentration of 1 mole/1 In a 1/1 mixed solvent of propylene cartsonate 
and 1 J-dlmethoxyethane was used as the organic electrolyte. A cell was prepared in the same manner as 

2S in Example 4 except for these changes. When the cell was subjected to a storage test under a constant 
resistance of 7.5 Kohm and at a temperature of WC in the same manner as described in Example 4, It 
was found that the storage characteristic was substantially at the same level as that of the cell (a) obtained 
in Example 4. 

30 

EXAMPLES 

A cell was prepared in the same manner as described in Example 4 except the bismuth trioxide was 
melted and heated at 850»C under a reduced pressure of 10 to 10 Tonr and then the melt was 
38 rapidly cooled. When the so-obtained cell was sut^ected to a storage test under a constant resistance of 7.5 
Kohm and at a temperature of 80*C In the same manner as described in Example 4, it was found that the 
storage characteristics of the ceil was substantially at the same level as that of the ceil (a) obtained in 
Example 4. 

In this Example, the melting heat treatment temperatures were only 850*C, 900*C and 1 lOO^C. but the 
40 gist of the present invention resides in that the melting heat treatment of bismuth trioxide is carried out at a 
temperature higher than tiie melting point of bismuth trioxide and the melt is rapidly cooled and soBdified 
(coagulated) and it is sufficient if the treatment is carried out within a temperature range (or an atmosphere) 
where the composition of bismuth trioxide is not substantially changed by reduction, thermal decomposition 
or the ice. In general, bismuth trioxide is very stable against heating at a high temperature and in a non- 
46 reducing atmosphere, and no substantial change of composition is caused at temperatures of up to about ' 

iToo^a 

Since there is no prominent difference between a heat treatment temperature higher than 1000*C and a 
heat treatment temperature of up to 1000*C in connection with the improvement of discharge characteristic 
or storage characteristic, in production on an Industrial scale, in view of equipment such as an electric 
so fumace. the ojnning cost and the operation adaptability. It is preferred that the melting heat treatment of 
bismuth trioxide be canied out at a temperature in the range of from the melting point (about 820*C) to 
about 1000*C. 

Moreover, the organic electrolyte is not fimited to those disclosed In the foregoing Examples. For 
example, solutions formed by dissohdng a salt capable of being dissociated into U* ion. such as UBF4. . 
65 UPFe or UCF3 SO3 , in an aprotic organic solvent such as Y ^xjtyrolactDne, tetrahydrofuran. diox- 
olan or a mixed solvent thereof can be used as the organic electrolyte. 

Preferably the organic electrolyte used is a mbced soh^ent composed mainly of butylene carbonate 
(hereinafter referred to as "BC") having the following fonmula: 
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CH3— CHj— CH— CHj 
0 o 



5 




and 1.2-dimethoxyethane (DME). which may further comprise ethylene cartxinate (hereinafter referred to as 
10 "EC-). 

A salt soluble In this mixed solvent and capable of dissodatfng into U*^ ions» which does not react 
directly with the negative lithium electrode or the positive electrode active material. Is used as the 
supporting electrolyte. Salts having a high solubility within a broad temperature range, such as UCIQ4. » 
UBF4. .UPFg andUCFB SO3 , are preferably used. 

IS Since the ion conductivity is the highest when the BC/DME mixing ratio is about 1/1, it is especially 
prsfenred that the BC/DME mixing ratio be In the range of from 3/1 to 1/3. 

As Is observed with reference to PC. when the mixed solvent of PC and DME is used as the solvent of 
the organic electrolyte, some decomposition of BC is observed at the terminal stage of the discharge of the 
cell when the mixed solvent of BC and DME Is used as the solvent of the organic electrolyte. Th resulting 

20 decomposition product reacts with lithium to form a brown reaction product on the surface of the lithium and 
tiierefore tiie Internal resistance of tiie ceil is increased and the operating voltage is reduced. Accordingiy, 
In the case where the duration of tiie discharge of tiie cell is stopped at a certain cut-off voltage, tiie 
effective discharge capacity is slightly reduced and tiie utiHsation of ti>e active material is corrBspondingly 
reduced. This reduction depends on the purity of BC, tiie discharge cunrent, etc. and in general this 

28 reduction Is not prefeoed tiiough tiie reduction is not substantially significant in some mode of ttie usage of 
the cell. It was found that when a mixed solvent of BC and DME. to which ettiyiene carbonate is added, is 
used, tiie formation of the brown reaction product on tiie surfece of tiie litiiium at the terminal stage of the 
discharge is controlled and Is hardly observed, and tiie utilisation ratio of tiie active material is improved 
and the discharge capacity is increased. Alttiough the reason why tiie formation of the reaction product on 

30 the surtace of the lithium Is controlled by the adcfitton of EC has not been completely elucidated, it is 
presumed tiiat tiie decomposition of BC Is probably controlled by addition to EC. As is seen from tiie 
results illustrated in tiie Example given hereinafter, a sufRdent effect is attained by adding EC in an amount 
of several pen:ent If tiie volume ratio of EF exceeds 50%, tiie soUdification point is elevated and tiie 
operating temperature range of tiie cell is nanrowed. Accordingly. It is preferred tiiat tiie amount of EC be 

35 smaller tiian 50%. 

When tiie abovementioned mixed solvent composed mainly of BC and DME is used as tiie solvent of 
the organic electrolyte, expansion of tiie cell per a gh/en discharge capacity is much smaller than in tiie cell 
comprising tiie mixed solvent of PC and DME Accordingly. In a ceil comprising tiie mixed solvent 
composed mainly of BC and DME. larger quantities of tiie positive electrode and negative lectrode 
40 materials can be padced in a given cell space, and tiie dlschvge capacity per unit volume can be highly 
Improved. 

The reason why expansion of tiie cell on discharge is reduced in an organic electrolyte cell of tiie 
present invention has not been completely eiuddated. However, it is presumed tiiat tiie reason is probably 
as foilowe* 

45 The cell discharge reaction between bismutii trfoxide and litiiium la represented by tti following 
formula (1) and tiie reaction products are Bi and U2 0: 

eu ♦ BI2 03 2BI + aug o ..... (1) 

in ttlis reaction, as shovm in Table 1, as calculated from tiie densities and fb^ O3 . 

Bi and 112 0, tiie value of tiie total volume of Bl and Li2 0 per moi of Bz O3 after the ceil reaction, 

80 calculated from tiie reaction quantities of formula (1), is smaller tiian tiie total volume of U and Bi2 O3 
before tiie reaction. However, in tiie actual discharge of tiie cell, tiie cell is expanded. The reason is 
presumed to be that the reaction product is not formed on the positive electrode so simply as napresented 
by tiie fomiula (1) and tiie reaction is advanced v^ile tiie electrolyte Is included in tiie reaction product In 
fact when tiie cell is disassembled after tiie reaction, it is seen tiiat tiie electrolyte is substantially absortDed 

88 and Included in tiie po^tive electrode reaction product, and any liquid is hardly observed. Since tiie solvent 
of til electrolyta Is absortsed and included in tiie positive electrode reaction product and tiie positive 
electrode Is hence expanded, it Is presumed tiiat tiie Idnd and state of tiie soh/ent of tiie electrolyte have 
serious influences on expansion of til positive electrode by tiie discharge. 
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TABLE 1 



V Luffle (cm"^) 
after Reacti n 



6L1 


78.0 


2Bi 


42.6 




52. A 




44.6 


Total 


130.4 


Total 


87.2 



1$ 

EXAMPLE 7 



A cell was prepared In the same mower as described In Example 4 except for the electrolyte. 
As the electrolyte, the following three solutions were used in the present Example: 
20 (a) a solution fornied by dissolving 1 mol/1 of UCIO4. »n a 1/1 volume ratio mixed solvent of BC and 

DME» 

(b) a solutton formed by dissolving 1 moVl of Ua0l4. a 45/50« volume ratio mtxad solvent of 

BG/DME/ECi 

(c) an electrolyte fbnned by dissolving i mol/l of In a 1/1 volume ratio mixed soivant of PC 
2S and DME 

The three cells which were the same except for the type of the electrolyte were fabricated by using the 
foregoing electrolytes, respectivety. Each cell had a diameter of 9.5 mm and a height of 3.0 mm. The 
amount of each electrolyte charged was 45 ul per cell. 

With respect to each ceil, the discharge characteristics under a constant resistance of 7.5 Kohm were 
30 detennlned at 20*C. The obtained results are shown In Rgure 7. The discharge capacity was measured to 
a cut-off voltage of 1 .2V and the discharge was carried out under a constant resistance of 7.5 Kohm for 550 
hours (at this point the discharge was completed in all of the cells and the operating voltage was OV) and 
the difference in the height between the cell before the discharge and the cell after the discharge was 
measured. The obtained results are shown in Table 2. 

TABLE 2 



5 

Volume (cm^) 
before Reaction 



Electrolyte Capacity Expansion (mm) Height (mm) 

(mAh) by Discharge after Discharge 

<a) 74.0 0.16 3.16 

46 

<b) 76.1 0.17 3.17 

CO 75.8 0.36 3.36 

50 Note Each value Is a mean value of 20 samples. 

As Is apparent firom the foregoing results, there is no substantial difference between the cell (b) of the 
present invention and the cell (c) In the discharge capacity attained to the cut-off voltage of 1.2V. but In the 
cell (b) of the present invention, expansion of the cell by the discharge is much smaller than in ceil (c). 
« More specifically. If the maximum height of the cell allowable by the Instntfnent to which the cell Is attached 
Is 3.2 mm. a discharge capacity of at least 7.6 mAh can be taicen out of the cell (b) of the present Invention. 
In contrast, In th case of the ceil (c). If the discharge capacity exceeds 76 mAh, th cell height increases 
beyond 3^ mm. and, therefore, in onler tQ control the ceil height to up to 3.2 mm, it is necessary to 
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reduce th quantities of the positiv electrode and negative electrode materials by about 10%, and the 
scharge capacity that can be taken out 1^ conespondrngly reduced. 

In the case of the cell (a), as shown in Figure 7. the internal resistance Is increased at th tenninal 
stage of the cOscharge and the operating voltage is somewhat reduced and, therefore, the discharge 

6 capacity attained «> the cut-off voltage of 1^ is slightly smaller than those of the ceils '(b) and (e). 
However, the expansion of th cell (9) by the discharge is much small r than the expansion of the cell (c), 
as in th cell (b). Accordingly, th capacity per unit ailowabi volum is much larger In the ceil (a) of the 
present Invention than in the ceil (c). Furthermore, the fact that the change of shape of the cell is very small 
is very advantageous for reliability and safety of the instrument to which the cell is attached. 

10 Preferably the electrically conductive material for the posMve electrode comprises conductive fumace 
carbon obtained acconding to the fumace type incomplete combustion method where a natural gas or a 
gaseous higher hydrocart}on is incompletely burnt in a combustion fumace or in combination with graphite. 

As a preferred example of the conductive fumace carbon black, a product mariceted under the 
tradename of "Ketjen Black EC by Akzo is emptoyed. 

16 The closed circuit voltage of a cell fabricated by using conductive fumace carbon black as the 
conductive agent is highly improved over the closed circuit voltage of a cell fat)ricated by u^ng the same 
amount of graphite or acetylene black. It is construed that the reason why the closed circuit voltage is 
improved Is that conductive fumace carbon black is excellent over customarily used acetylen black or 
graphite in the conductivfty characteristics when incorporated in the positive electrode material and also in 

so the wettability with an electrolyte and the liquid-absorbing property. 

In the case where a positive electrode mixture comprising conductive fumace cartxm black is 
compression-moukied into an electrode body having a certain shape, since the mouldabittty of tiie eledrode 
mixture is much poorer tiian the mouldability of the electrode mfocture comprising graphite or the like, in 
order to obtain the mechanical strength necessary for fabrication of a cell» it is preferred that the amount of 

25 added conductive fumace carbon black be smaller than 2% by weight It was found timt even if the amount 
of added conductive fumace cartxxi black is smaller ttian 2% by weight, a sufRcfent conductivity can be 
ot>tatned« 

In the case where graphite is used in combination with less ttian 2% by weight of conductive fumace 
carbon black, the mechanical strengtti of the positive electrode mouMed body is higher tiian tiie mechanical 

30 strength obtained when conductive fumace carbon black atone is used and, if nectesary, a larger amount of 
the conductive agent can be added and a higher positive electrode conductivfty can be realised. Moreover, 
as compared witii the case where graphite'aJone Is used, tiie conductivity of tiie positive etectrod is highly 
improved with a smaller amount of ttie conductive agent Accordingly, when conductive furrace cartxm 
black is used, tiie closed drcult voltage of the cell can be increased and simultaneously, the discharge 

35 capacity can be greatly increased by rsdudng tiie amount of the conductive agent in the positive electrode 
and increasing tiie amount of the positive electrode active material. 



BXAIMPLES 

40 

Bismuth tioxide powder as ttie positive electrode active material, Ketien Black EC powder, acetylene 
black powder or graphite powder as the conductive agent and a fiuororesin as the binder were mixed at 
weight ratios shown in Table 3. and a predetonmlned amount of the mixture was packed in a mould and tiie 
mbeture wes comprassion-mouMed into a pellet together witti a positive electrode hotefing ring of stainless 
45 steel having an L-shaped section. The moukied body was heated and dried under rsdiced pressure at 
100*C for 10 houre to fbnn a positive electrode. 

The ceil was prepared in ttie same manner as descrit)ed In Example 1 except for the iectricaity 
conductive material. 

The cell was subjected to a discharge operation under a constant resistance of 7.5 Kohm. The di- 
80 scharge capacity and tiie closed circuit voltage at -10*C were measured. The obtained results are shown in 
Table 4. The final voltage of ttie discharge capacity was 1.0V, and the ctosed circuit voltage was measured 
according to tiie 7.8 msec pulse mettiod under a load resistance of 2 Kohm. 



55 
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TABLE 3 



Cell 




« rapn 1 X9 


Acetylene 


Ket jen 


Fluon 








Black 


Black 


Resin 


9% 




0 


0 


0 


1.0 


B 
O 




4 


0 


0 


1.0 


c 




2 


0 


0 


1.0 


D 


97 


0 


2 


0 


1.0 


E 


98 


0 


1 


0 


1.0 


F 


97 


0 


0 


2 


1.0 


6 


98 


0 


0 


1 


1.0 


H 


98.5 


0 


0 


0.5 


1.0 


2 


97 


1.5 


0 


0.5 


1.0 



25 

TABLE 4 



30 



ell 


Capacity 
(mAh) 


Closed Circuit 
(V) 


A 


71.3 


1.51 


B 


74.4 


1.45 


C 


78.0 


1.35 


D 


78.0 


1.38 


E 


79.2 


1.26 


P 


78.1 


1.62 


6 


79.4 


1.55 


H 


80.5 


1.38 


I 


79.3 


1.58 



60 



66 



As is apparant from the foregoing results, both the capacity and the closed circuit voltage are greatly 
influenced by the amount of the conductive agent (acetylene black. Ketfen Black or gnaphite). In the case of 
ceils F. Q and H fabricated by using conductive funnace carbon black (Ketjen Black), a higher ctosed drcuH 
voRage and a higher discharge capacity can be obtained with a smaller amount of the added conductive 
agent than in the case of ceils A, B and C fabricated by using graphite and cells D and E fabricated by 
using acetylene biack. Furthermore, in the case of the cell t fabricated by using conductive furnace carbon 
and graphite in combination, the discharge capacity Is much higher than in the case of cells C, D and F 
comprising the sam amount of the conductive agent as in cell I. and the close circuit voltage of cell I is 
slightly lower than thm of ceil F compriaing conductive funnace carbon alone as the conducthre agent but 
there Is no substantial difference from the practicai viewpoint The ckmed circuit voltage of the cell I is 
apparently higher than thai of the cell C comprising graphite aton and the ceU D comprising acetylene 
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black -aim fai the case of the cell F fabricated by using 2% by weight of conductive furnace carbon black 
alone as fee conductive agent, chipping or breaking Is caused at a level of about 10% in the compresskxi- 
moulding or transfer of the positive electrode pellet In contrast this defecth^ level is substantially 0% In 
th case cf the cell I fabricated by using both of conductive furnace carbon black and graphite in a total 
8 weight of 2% by weight • 

of ccwae^ the present invention Is not limited to the Examples which are described hereinatx)ve: in 
particular an organic electrolyte cell which uses th active material in accordance with the present invention 
can have any other suitable configuration. Additionaily, the cell may not have the Impregnating member. In 
this case, the electrolyte is contained in the positive electrode and/or the negathre electrode. 



Claims 

1. An orgaiic electrolyte cell characterised by comprising: a negative electrode (2); a positive electrode 
15 (5) inciucfng a main active material composed of bismuth trioxide (Bi2 Od ). said bismuth trioxide being 

heat trestod: and an organic electrolyte comprising a salt dissolved in an organte solvent 

2. An organic electrolyte ceil as claimed In claim 1 characterised in that the tnsmutti trioxide is heat- 
treated A a temperature above 650*0. 

3. An organic electrolyte cell as claimed In claim 1 or 2 characterised in that the bismuth trioxid Is heat 
20 treated at a temperature in the range of 700*C to lOCO^'C In air. an inert gas or vacuum. 

4. An organic electrolyte cell as claimed in any preceding claim characterised in that th bismuth 
trioxide Is heat-treated at a temperature higher than ita melting point and subjected to a quenching 
treatme(tt» 

5. An organic electrolyte ceil as claimed in any preceding dalm characterised in ttmt the organic 
25 solvent conqvlses a mixed solvent composed mainly of butylene carbonate and 1 ,2-dimethoxyethane. 

6. An oganic electrolyte ceil as claimed in claim 5 characterised in that the organic solvent further 
comprises ethylene cartx)nate. 

7. An organic electrolyte cell as claimed In any preceding daim characterised ki that the salt Is lithium 
perchlorase (IJCIO4. ). 

so a An organic electrolyte cell as claimed in any preceding dabn characterised In that the positive 
electrode kickJdes an eiectricaily conductive material. 

9. An organic electrolyte ceD as claimed in- clakn 8 characterised In ttiat .the electrically conductive 
material comprises conductive furnace carbon black produced by a furnace type incomplete combustion 
method. 

08 10. An organic electrolyte cell as claimed in daim 9 characterised in that the amount of conductive 
furnace carbon black is smaller than 2% by weight based on the positive electrode. 

11. An organic electrolyte cell as claimed in any preceding daim characterised In ttiat the negative 
electrode comprises lithium. 

12. An orgaiic electrolyte cell characterised by comprising a negative electrode (2) comprising lithium 
40 as a negative active material; a positive electrode (5) comprising bismutii trioxide (612 Os > as a positive 

active mtferiat an electrically con<faiCtive material and a binder; and an organk: electrolyte comprising a 
mixed so fc wtt containing Othium perchlorate, saM mixed solvent being composed of butylene carbonate, 
1 «2-dirMMioKyethaiie and ethylene cartx)nate. 

ia An orgtfiic electrolyte ceil as claimed in any of daims 8 to 10 or 12 characterised In that the 
46 electricaly conductive material comprises graphite and conductive furnace carbon blade 

14. An organic electrolyte cell as daimecj in dalm 12 or 13 characterised In ttiat the positive active 
material Is obtained by heating to a temperature higher than its meMhg pdnt and quenching tiie melted 
product 

so 
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